Preliminary characterization of two mouse thymus-dependent (T) lymphocyte xenoantigens, T25 and T200, which are selectively labelled by lactoperoxidase-catalysed iodination of T-cells, is described. Both molecules are membrane-bound glycoproteins. Fractionation of membrane vesicles prepared from BW5147 lymphoma cells by sedimentation through sucrose density gradients show that antigens T25 and T200 are in fractions enriched with plasma membrane. Moreover antigen T200 is partially degraded when viable cells are treated briefly with low concentrations of trypsin. Both molecules are efficiently solubilized in buffers containing sodium deoxycholate or Nonidet P-40, as measured by failure to sediment at 100000g for 60min. However, gel filtration on Sepharose 6B showed the presence of aggregated material in Nonidet P40 extracts which was not found in deoxycholate-solubilized membranes. After solubilization in detergent, antigens T25 and T200 bind to, and may be specifically eluted from, columns of pea lectin-Sepharose or concanavalin A-Sepharose. Both molecules are heterogeneous when examined by polyacrylamide-gel electrophoresis in the presence of sodium dodecyl sulphate. As judged by its binding to columns of pea lectin, at least part of the heterogeneity of mouse thymocyte antigen T25 resides in its carbohydrate moiety.
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The cell surface is believed to be the site of many important functions, including cell recognition and the regulation of cell growth (Edelman, 1976; Holley, 1975) . Moreover, tissue-specific surface molecules probably play a role in the differentiated functions of that tissue. With the possible exception of the erythrocyte, the surface molecules of mammalian cells have not been extensively characterized. Until recently, most progress in the study of mammalian cell surfaces has been the result of immunogenetic analysis of differentiation antigens (Boyse & Old, 1969) . Because of the availability of monospecific alloantisera and for other technical reasons, the surface antigens of mouse lymphoid cells have been more extensively characterized by serological methods than any other differentiated mammalian cells. For this reason a molecular study of the surface antigens of mouse lymphoid cells is not only of intrinsic interest, but also provides a favourable model with which to develop methods to attack more difficult structural questions about the surface molecules of normal and malignant cells.
We have been studying the surface molecules of mouse lymphoid cells by using xenoantisera against whole cells and lactoperoxidase-catalysed iodination to label selectively surface molecules. We detected two labelled species (Trowbridge et al., 1975a,b) which, after reduction with 2-mercaptoethanol, Vol. 163 migrate on SDS*/polyacrylamide-gel electrophoresis as molecules with approximate apparent mol.wts. of 200000 (antigen T200) and 25000 (antigen T25). The immunological properties of these molecules have been investigated; antigen T25 carries Thy-I alloantigenic determinants and antigen T200 is a lymphocyte-specific antigen (Trowbridge et al., 1975b; Trowbridge & Hyman, 1975; Trowbridge & Mazauskas, 1976) .
Selective labelling of these molecules by lactoperoxidase-catalysed iodination and the fact that they are the major species recognized by antisera raised against thymus-derived lymphocytes enable these molecules to be defined by their electrophoretic mobility on polyacrylamide gels and by immunological criteria. Consequently, some properties of these molecules, before their isolation in amounts necessary for classical biochemical characterization, can be determined by using radioactively labelled material. One important advantage of this is that sufficient information to select methods of purification can be obtained with material from relatively small numbers of cells.
Here we show that antigens T200 and T25 are membrane-bound glycoproteins which may be efficiently extracted from cell membranes by deter-gent and subsequently fractionated by gel filtration and affinity chromatography on lectin affinity columns.
Experimental

Cells
Thymocytes were prepared from Balb/c mice, bred at The Salk Institute, by teasing thymus glands apart in balanced-salt solution, removing erythrocytes by treatment with Tris-buffered iso-osmotic NH4Cl and isolating viable cells on gradients of bovine serum albumin (Trowbridge et al., 1975a) . BW5147 lymphoma cells were grown in the modified Eagle's medium of Vogt & Dulbecco (1963) supplemented with 10% (v/v) foetal calf serum and 2mM-glutamine.
Methods
Radioactive labelling. Cells were labelled by the glucose oxidase modification of the lactoperoxidase technique (Hubbard & Cohn, 1972) as described earlier (Trowbridge et al., 1975a; Trowbridge & Hyman, 1975 (Piez et al., 1960 Gel filtration. A downward-flowing column (1.5cmx110cm) of Sepharose 6B was equilibrated and eluted with 0.01 M-Tris/HCl buffer, pH 8.0, containing 0.2 % NaN3 and either 1 % sodium deoxycholate or 1 % Nonidet P-40 and 0.15 M-NaCl. The column was eluted at a flow rate of 3.2ml/h in the cold (6°C), and 1.25ml fractions were collected. Solubilized membrane, equivalent to 1 x 107 iodinated thymocytes, was applied to the column in 1.2m1 of the Tris/HCl buffer containing the appropriate detergent and 5mg each of ovalbumin (Sigma, St. Louis, MO 63178, U.S.A.) and rabbit immunoglobulin G (Miles Laboratories, Elkhart, IN 46514, U.S.A.), 3mg of horse heart cytochrome c (Calbiochem, San Diego, CA 92037, U.S.A.) and 2mg of ferritin (6x crystallized, Miles Laboratories). The total radioactivity in each eluted fraction was determined, and the A280 and A412 were measured.
Selected fractions were then mixed with an equal volume of ice-cold 20% (w/v) trichloroacetic acid and the radioactivity was measured as described above in the insoluble pellet that was obtained after centrifugation at lOOg for 30min at 4°C. The precipitates were washed twice at room temperature (21°C) with acetone and the radioactivity was measured again. Then the precipitates were dissolved in 0.1 ml of electrophoresis sample buffer, and 1977
SURFACE GLYCOPROTEINS OF MOUSE LYMPHOCYTES
analysed by SDS/polyacrylamide-gel electrophoresis to determine the radioactivity associated with antigens T200 and T25. For the marker proteins, Stokes radius was plotted against the cube root of the partition coefficient (Siegel & Monty, 1966) . A linear relationship was obtained and from this the Stokes radii for antigens T25 and T200 were calculated from the experimentally determined partition coefficients for the antigens.
Affinity chromatography on lectin columns. Pea lectin (Trowbridge, 1974) and concanavalin A (Miles Laboratories, 3x crystallized) were coupled to Sepharose 4B that had been activated with 150mg of CNBr/ml of washed beads (Cuatrecasas, 1970) . The coupling reaction was for 18h at 4°C in 0.1 MNaHCO3 buffer, pH8.5, containing 50mM-methyl a-D-glucoside, 0.5M-NaCl and 10mg of protein/ml of activated beads. After 18h, 0.1 ml of 2-aminoethanol was added per 100ml of reaction mixture and the reaction continued for another 60min. The coupled beads were stored at 4°C in 0.02% NaN3. Lectin columns (6.0cmx0.5cm) were washed just before use with 0.5M-NaCl and then 0.15M-NaCl/ 0.02% NaN3/0.01 M-Tris/HCl buffer (pH 8.0) containing 0.5% Nonidet P-40 and 1 M-methyl a-Dmannoside. In most experiments, Nonidet P-40 lysates of iodinated cells were prepared as for immunoprecipitation studies and solubilized proteins from 2 x 107 cells applied to each column equilibrated with the Tris/HCl buffer containing 0.5% Nonidet P-40. The column was washed until no further radioactivity was eluted and then the above buffer containing 0.5 % Nonidet P-40 and 1 M-methyl a-D-mannoside was used to elute the column. Fractions containing unbound and specifically eluted radioactive proteins were separately pooled and analysed by polyacrylamide-gel electrophoresis in the presence of SDS.
Immunological procedures and polyacrylamide-gel electrophoresis. Antisera, immunoprecipitation procedures and electrophoresis on 7.5-15 % linear gradients of polyacrylamide in the presence of SDS have been described (Trowbridge et al., 1975a; Trowbridge & Mazauskas, 1976) . Species labelled with 3H were detected by fluorography (Laskey & Mills, 1975) . Samples were concentrated before electrophoresis by precipitation with ice-cold 10% (w/v) trichloroacetic acid. Precipitates thus obtained were then washed with acetone at room temperature. From measurement of total radioactivity and examination of labelled species in samples directly applied to the gel, almost quantitative recovery (more than 90%) of all radioactive species resolved on the gels was obtained after these procedures.
Identification ofthe iodinated species. Identification of the chemical nature of the "25I incorporated into antigen T25 and T200 was determined by the Vol. 163 method of Izzo et al. (1972) , as described by Hubbard & Cohn (1972) by using Pronase instead of crude trypsin for proteolysis.
Proteolysis experiments. Pronase (Calbiochem: predigested by incubation at 37°C for 2h in 0.01 MTris/HCl buffer, pH 8.0, containing 1 mM-CaCl2), trypsin (Worthington Biochemicals, Freehold, NJ 07728, U.S.A.; 1-chloro -4-phenyl -3-L -tosyl -psulphonamidobutan-2-one-treated) and chymotrypsin (Sigma, 3x crystallized) were used.
Three types of experiments were performed. Firstly, BW5147 cells (2x 107 cells/ml) were treated with 20g of trypsin/ml at 23°C for various times in 1 .0ml ofO.15 M-NaCl/0.01 M-sodiumphosphate buffer, pH 7.2, just before iodination of the cells by the lactoperoxidase technique. The reaction was terminated by the addition of 2M-di-isopropyl phosphorofluoridate in anhydrous propan-2-ol to a final concentration of 0.01 M. Two control incubations were performed; in one, di-isopropyl phosphorofluoridate was added just before trypsin; in the other, cells were incubated for 20min without the addition of trypsin.
Immunoprecipitates wereprepared from some samples as described above.
Secondly, samples (0.05 ml) of Nonidet P-40 lysates of iodinated thymocytes were incubated with 50,ug of trypsin, chymotrypsin or Pronase for 4h at 37°C. The reaction was terminated by the addition of 0.2ml of0.15M-NaCI/0.01 M-sodiumphosphate buffer pH7.2, containing 0.2% Nonidet P-40, 500 Kallikrein inactivator units of Trasylol (Calbiochem) and 0.02M-di-isopropyl phosphorofluoridate and then immunoprecipitates were prepared as described below.
Lastly, immunoprecipitates were prepared from Nonidet P-40 lysates of iodinated thymocytes with rabbit anti-(mouse thymocyte) serum and treated with 10% (w/v) trichloroacetic acid followed by washing with acetone. The denatured precipitates were incubated with 50,ug of each proteinase for 18h at 37°C in electrophoresis sample buffer (Maizel, 1971 ) (0.1 ml) from which 2-mercaptoethanol and SDS were omitted. The reaction was terminated by boiling the samples after the addition of I p1l of 2-mercaptoethanol and I0,ul of 10% (w/v) SDS.
Results
Subcellular distribution ofantigens T200 and T25
Since antigens T200 and T25 were labelled by lactoperoxidase-catalysed iodination of cells, it was probable that both molecules were cell-surface components. However, because a small proportion of damaged cells (usually less than 5 % of the total) are always present, some intracellular components could also be labelled. For this reason, independent evidence was sought to define the subcellular distribution of antigens T200 and T25. (Helenius & Simons, 1975;  )ntaining Solubilization was also tested by chromatography of the detergent extracts of the iodinated proteins on Sepharose 6B. All the iodinated proteins solubilized and eluted in deoxycholate were included in the Sepharose 6B column (Fig. 2) , and recovery of applied labelled protein was greater than 90%. Antigens T200 and T25 were well-separated as discrete peaks. The Stokes radius of the antigen T25-detergent complex was determined as 2.9nm (29A) in two separate experiments; that of antigen T200 was too large to determine accurately but was greater than 7.Onm (70A). In addition to iodinated proteins and a trichloroacetic acid-soluble peak of 125I, a discrete peak of radioactivity eluted in the position of cytochrome c was found. The radioactivity in these fractions was precipitated by trichloroacetic acid, but was solubilized when the Vol. 163 precipitate was washed with acetone. This fraction, which we presume to be iodinated lipid as no loss of the radioactive bands resolved on the gels was observed, accounted for 5-28 % of the total trichloroacetic acid-insoluble radioactivity in different experiments.
Only 30-40% of the applied iodinated proteins were recovered in the eluate of the Sepharose 6B column run in Nonidet P-40, moreover, a peak of radioactivity containing mainly aggregated antigen T200 was eluted in the void volume. Higher recovery of radioactivity and less aggregation was noted if membranes solubilized with Nonidet P-40 were applied directly to the Sepharose column without storage. A variable fraction of antigens T25 and T200 was eluted from the column run in Nonidet P-40 in positions similar to those found for extracts run in deoxycholate. (Anker, 1970) to 175 000 on 14 % gels.
Antigen T25 from thymocytes migrates as a broad band within which individual components are unresolved. On 7 % polyacrylamide gels the components range from 23000 to 36000mol.wt., and on 14% and 18% gels there is less trailing and the molecularweight range is from 23000 to 27000. In contrast, antigen T25 from BW5147 cells is more homogeneous, giving a discrete band of material with an apparent mol.wt. of 23000 on an 18 % gel, 24000 on a 14% gel and 26000 on a 10% gel. Thus antigen T25 from BW5147 cells may more closely resemble the faster-migrating components of thymocyte antigen T25. Preparation of unreduced samples in buffer containing 50mM-3-iodoacetamide did not change the electrophoretic mobility of either antigen T200 or T25.
Discussion
Subcellular distribution ofantigens T200 and T25 Antigens T200 and T25 are among the species selectively labelled by lactoperoxidase-catalysed iodination of viable cells, suggesting that both molecules are on the cell surface. The results of subcellular-fractionation studies indicate that both molecules are membrane-bound and that their distribution on sucrose gradients is similar to that of most of the other iodinated species and to that of 5'-nucleotidase, an enzyme known to be located on the plasma membrane of lymphocytes (Misra et al., 1974 (Misra et al., , 1975 . Moreover, antigen T200 was partially degraded by brief treatment of viable cells with trypsin. These results, taken together, strongly suggest that both molecules are plasma-membrane components and are located on the cell surface. Further, Gahmberg et al. (1976) have shown that a high-molecular-weight mouse thymocyte glycoprotein, which is almost certainly antigen T200, is labelled by the galactose oxidase technique, which also selectively labels cell-surface glycoproteins.
Properties ofantigens T200 and T25 Sensitivitiy to proteinases, biosynthetic labelling experiments and lectin affinity chromatography establish that antigens T25 and T200 are glycoproteins. Both molecules are heterogeneous, and for thymocyte antigen T25 heterogeneity in the carbohydrate portion of the molecule was suggested from the results of lectin affinity chromatography. From a comparison of the value of the Stokes radius of antigen T25 in deoxycholate and its apparent molecular weight from SDS/polyacrylamide-gel electrophoresis, this molecule is probably monomeric in solution in deoxycholate.
The properties of antigen T25 are in good agreement with those reported for the rat Thy-i molecule, the equivalent surface glycoprotein on rat thymocytes (Letarte-Muirhead et al., 1975) . In particular, the Thy-I glycoprotein from thymocytes of both species show only partial binding to lentil or pea lectin [lectins with similar carbohydrate-binding specificity (Allen et al., 1976) ].
More detailed characterization will be necessary to establish the molecular structure of antigen T200 in its native form; it is eluted from Sepharose 6B run in deoxycholate earlier than expected for a globular protein with a mol.wt. of 200000, but many factors could account for this (Tanford et al., 1974) . Antigen T200 does not contain disulphide-bonded subunits.
Solubilization of antigens T200 and T25
Antigens T200 and T25 are effectively solubilized by deoxycholate. As judged by sedimentation studies, Nonidet P-40 also solubilized both molecules, but gel filtration showed the presence of aggregated protein which included antigen T200 and to a lesser extent antigen T25. This observation contrasts with the result of immunoprecipitation studies in Nonidet P-40, which show that antigens T200 and T25 can be precipitated independently from each other and from other labelled molecules (see, e.g., Trowbridge et al., 1975b) . One explanation is that aggregation occurs after solubilization of the membrane proteins and is a relatively slow process which is favoured by freezing of the Nonidet P-40 extracts. It seems less likely that solubilization is incomplete, since iodinated lipid is 1977 216 eluted on gel filtration in Nonidet P-40 as a discrete peak of radioactivity well-separated from most iodinated proteins. The presence of aggregated membrane antigens has been noted after solubilization with other non-ionic detergents (LetarteMuirhead et al., 1974) . On the basis of these preliminary results it is probable that solubilization of lymphoma membrane pellets in deoxycholate followed by lectin affinity chromatography and gel filtration will be useful in the purification of these molecules on a preparative scale.
